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© A test method whereby a high current is sup- 
plied to a first pin (3a) of an integrated device to be 
tested, and the variation in the voltage drop between 
the first pin and a second pin (3b) on the device to 
be tested is determined; the two pins being con- 
nected to two pads (2a, 2b) in turn connected, inside 
the device to be tested, by a low-voltage-drop path 
(10). The variation in the voltage drop of the device 
to be tested is compared with the measured nominal 
variation of an undoubtedly sound device of the 
same type, to determine any excessive deviation 
indicative of deficiency. The supply current in fact 



results in power dissipation, local heating and, con- 
sequently, a variation in the resistance of the con- 
necting wires or of the die attachment to the lead 
frame, the extent of which differs according to 
whether only one or both of the wires (8) of a two- 
wire connection (7) to be tested are present, and 
according to whether the die is attached properly, 
poorly or badly to the lead frame. This variation in 
resistance is reflected in the amount or speed by 
which the detected voltage drop varies, thus en- 
abling sound parts to be distinguished from faulty 
ones. 
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The present invention relates to a method and 
device for testing integrated power devices. 

As known, on integrated power devices, each 
contact pad on the device is connected to a re- 
spective pin on the lead frame using two parallel 
wires, so as to increase the maximum current wflh- 
standable by the connection. A 2 mil gold wire, for 
example, is incapable of withstanding indefinitely a 
current of over 2 A, so a second wire is added 
parallel to the first to double the current capacity. 

The problem therefore arises of automatically 
testing the integrity and correct bonding of both the 
wires, in view of the bonding process currently 
employed involving a deficiency rate of roughly 50- 
100 ppm. Traditional test methods, however, such 
as measuring pin-to-pin continuity, fail to provide 
for discriminating between a faulty connection in 
which only one wire (of a two-wire connection) is 
present, and correct connection of both wires, in 
that the resistance of gold wires is negligible as 
compared with the overall resistance of the circuit 
under test. For example, a 2 mil, 3 mm long gold 
wire presents a resistance of 33 mQ. Assuming the 
test is conducted using 1 A current, the voltage 
drop will be 33 mV, which is roughly a hundred 
times smaller than the voltage drop (roughly 3 V) 
on the series diode normally provided. Bearing in 
mind dispersion of the voltage drop on the diode, 
the different voltage drop due to the presence of 
one as opposed to two wires is thus undetectable. 

One known solution to the above problem con- 
sists in providing two contact pads connected by a 
respective wire to the same pin. While enabling 
testing in the conventional way, such a solution 
involves an increase in the area of the device, due 
to the greater number of contact pads employed, 
which, in view of the current tendency towards ever 
increasing miniaturisation of integrated circuits and 
devices, is strictly undesirable. 

Moreover, on power devices, the necessity fre- 
quently arises of testing attachment of the die to 
the lead frame in the areas involving the power 
elements of the circuit (typically the final power 
stages) for ensuring adequate power dissipation. 

It is an object of the present invention to pro- 
vide a test method designed to overcome the 
drawbacks typically associated with known meth- 
ods. 

According to the present invention, there is 
provided a method of testing integrated power de- 
vices, as claimed in Claim 1. 

The present invention also relates to a device 
for testing integrated power devices, as claimed in 
Claim 9. 

A preferred, non-limiting embodiment of the 
present invention will be described by way of ex- 
ample with reference to the accompanying draw- 
ings, in which: 



Fig.1 shows a view in perspective of two two- 
wire connections between two contact pads of 
an integrated power device and respective pins; 
Fig.2 shows a graph of electrical quantities em- 
5 ployed in the method according to the present 
invention; 

Fig.3 shows a circuit diagram of the test device 
according to the present invention, for testing 
the two-wire connections in Fig.1; 
w Fig.4 shows a flow chart of one embodiment of 
the method according to the present invention; 
Fig.5 shows the electric diagram of a portion of 
an integrated device to which the present meth- 
od is applied. 

75 Fig.1 shows a portion of an integrated device 1 
of which the connections between contact pads 2a, 
2b and respective pins 3a, 3b are to be tested. The 
die 4 of device 1 is fixed to lead frame 6 by a 
known bonding layer 5, and pads 2 are connected 

20 to respective pins 3 by respective two-wire connec- 
tions 7, each consisting of two parallel gold wires 8. 

The method according to the present invention 
is based on the fact that, when a two-wire connec- 
tion is supplied with fairly high current, a consider- 

25 able amount of power is dissipated by the wires, 
which are thus heated. Consequently, as the resis- 
tance of gold wires depends closely on tempera- 
ture, by monitoring the voltage drop produced by 
the current as a function of time, it is possible to 

30 distinguish between two-wire connections and faul- 
ty ones, in which only one of the two wires has 
been correctly bonded. In fact, with the same cur- 
rent supply, if only one wire is present, all the 
current will flow through this, thus resulting in four 

35 times the power dissipation of a correct connection, 
in which the current is divided substantially equally 
between the two wires. In the event of a faulty 
connection, therefore, this will result in a greater 
increase in the temperature, in a greater increase 

40 in the resistance and, hence, in a higher voltage 
drop of the wire, so that, by comparing the voltage 
drop as a function of time with that of the same 
connection on a part known to be sound, it is 
possible to determine the absence of one of the 

45 wires. 

Moreover, monitoring the voltage drop pro- 
duced by a high current supply also provides for 
testing attachment of the die to the lead frame in 
the areas involving the power elements of the cir- 

50 cuit. Poor attachment in fact (air pockets between 
the corresponding die region and the lead frame) 
results in a more rapid increase in die-lead frame 
thermal resistance and, hence, in a change in ther- 
mal behaviour. As such, parts with poorly attached 

55 dies may be detected by measuring the speed at 
which the voltage drop varies over a predetermined 
time period after the high current is applied, and by 
comparing this with a standard (correct) value. In 
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this case, the pads need not necessarily be two- 
wire-connected to the pin, the only requirement 
being that it be an integrated power device with a 
good degree of power dissipation through the lead 
frame, and to which, among other things, a high 
current may be supplied for adequately differentiat- 
ing between the behaviour of parts with correctly, 
poorly, or badly attached dies. 

By way of explanation, the Fig.2 graph shows 
the normalized voltage drop DV with respect to the 
value measured at the start instant, i.e. by subtrac- 
ting from the value measured at each instant the 
initial voltage drop value measured immediately 
following application of the current. In particular, 
the curves show the normalized voltage drop DV 
resulting from supplying a constant high current 
between two pins two-wire-connected to respective 
pads in turn mutually connected by a diode. Fig.2 
shows four curves relative to experimental mea- 
surements conducted on four theoretically identical 
parts, but with different problems as regards wire 
connection or die attachment. Curve A shows the 
results of a series of measurements relative to a 
part presenting both the two-wire connections and 
a correctly attached die; curve B to a part present- 
ing the two-wire connections but a poorly attached 
die; curve C to a part lacking one of the wires on 
one of the connections; and curve D to a part 
presenting the two-wire connections but a badly 
attached die. As can be seen, in the event of a 
disconnected wire or badly attached die (curves C 
and D), after a given time interval, e.g. 40-50 ms, 
voltage drop DV is considerably greater than that 
of a perfectly sound part (curve A) or one with a 
poor, though still acceptable, die attachment (curve 
B). On the basis of the above information alone, 
therefore, it is possible to distinguish between 
sound and defective parts. In addition, however, it 
is possible to determine whether the problems in- 
volved are due to the absence of one of the wires 
or to a badly attached die by evaluating the voltage 
drop over the final portion of the measurement. In 
fact, over the final portion, curve D relative to a 
badly attached die presents twice the slope of 
curve C relative solely to the absence of one wire, 
so that each may be distinguished by simply moni- 
toring DV over the final portion of the measure- 
ment. 

One embodiment of the test device and meth- 
od according to the present invention will now be 
described with reference to Fig.s 3 and 4. 

Fig.3 shows the electric diagram of device 1 in 
Fig.1, wherein pads 2a and 2b are assumed mutu- 
ally connected by a diode 10. Pins 3a and 3b are 
connected to the test device indicated by 15 and 
including a current source 16 series connected 
between pins 2a and 2b; a voltage measuring ele- 
ment 17 parallel to source 16; and a processing 



unit 18, which may, of course, incorporate voltage 
measuring element 17. When a current 21 is sup- 
plied by source 16, therefore, in the event each 
connection 7 presents both wires 8, each wire 8 

5 will be supplied with current I, thus resulting in 
current dissipation of Rl 2 , where R is the resistance 
of the wire (variable as a function of time). Con- 
versely, if one of the wires of even only one of 
connections 7 is absent, the remaining wire in the 

10 same connection is supplied with the whole of 
current 21, thus resulting in current dissipation of 
4RF, that is, four times the dissipation of a correct 
connection. The wire of the one-wire connection 
therefore presents a higher temperature and pro- 

75 duces a more rapidly increasing voltage drop as 
compared with the part with a correct (two-wire) 
connection. 

The method according to the present invention 
therefore consists initially in measuring and memo- 
20 rizing data relative to undoubtedly sound parts, i.e. 
having both two-wire connections and a good die 
attachment. For this purpose, a high current is 
supplied (by which is meant a current high enough 
to cause an evident variation in the thermal resis- 
ts tance of the wire and in the die attachment, e.g. 5 
A), and the resulting normalized voltage drop is 
measured, for example, by sampling it at succes- 
sive instants. Voltage drop DVKt) is thus deter- 
mined at a given instant b (e.g. after 50 ms), and a 
30 quantity is calculated correlated to the slope of the 
curve at the final step, e.g. the difference dV T 
between the DV values measured at two succes- 
sive instants ti and according to the equation: 

35 dV T = DVT<t2)-DVT<t,). 

This step is indicated in Fig.4 by block 25. 

The same high current is then supplied to the 
device for testing (block 26), and the corresponding 
40 DV values at instant k, and the difference dV = 
DV(fe) - DV(ti ) between DV at instants and ti are 
measured (block 27). 

The correct values DV^fc), dV T are then com- 
pared in block 28 with the test values DV(t2), dV, 
45 and, in the event the difference between even one 
of the test values and the respective nominal value 
exceeds a predetermined value Ki , K2 (YES output 
of block 28), the part is rejected (block 29). Con- 
versely, the test is terminated. Values Ki, are 
50 conveniently determined on the basis of deviation o 
of a group of undoubtedly sound devices (e.g. Ki 
= K2 = 6 a). 

The Fig.4 process is obviously repeated for all 
the two-wire connections for testing, or at any rate 
55 for ail the connections with power regions whose 
die attachment is to be tested. 

The advantages of the method and device ac- 
cording to the present invention will be clear from 
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the foregoing description. In particular, they provide 
for safely detecting the absence of even only one 
wire in a two-wire connection, thus ensuring top 
quality and reliability of the passed devices, and 
with no increase in the area of the device as a 5 
result of doubling the power contact pads. 

Moreover, the solution described is highly 
straightforward, requires no complicated hardware, 
and provides for extremely high-speed testing in 
30-50 ms. 10 

Finally, as already stated, in addition to deter- 
mining the presence of both wires in two-wire con- 
nections, the method and device described also 
provide for simultaneously testing die attachment in 
the power elements (output power stages). /5 

To those skilled in the art it will be clear that 
changes may be made to the method and device 
described and illustrated herein without, however, 
departing from the scope of the present invention. 
In particular, the present method may be applied to 20 
any pair of power pins, providing the respective 
pads are mutually connected by a low-voltage path, 
and especially when the voltage drop produced by 
the internal path is normally no more than 4-5 V. 

Generally speaking, the method described 25 
does not apply to testing two-wire connections to- 
wards the lead frame, as on the emitter of bottom 
NPN transistors of audio power devices, in which 
case, as opposed to flowing through the two-wire 
connection and the pad, the current flows through 30 
the substrate, as shown in Fig.5, which shows the 
final stage 35 of an audio power device. The Fig.5 
example shows a substrate indicated by line 36 
and connected to a portion 37 of the lead frame; a 
supply line 38 connected to a pad 39; a diode 40 35 
interposed between lines 36 and 38; and two final 
power transistors - PNP transistor 41 and NPN 
transistor 42 - series connected between lines 38 
and 36. 

More specifically, transistor 41 is connected by 40 
the emitter to supply line 38 arid by the collector to 
pad 43, which is also connected to the collector of 
transistor 42, the emitter of which is in turn con- 
nected to pad 44. A diode 45 is interposed be- 
tween substrate 36 and pad 43, with its anode 45 
connected to (or formed directly by) substrate 36. 
A diode 46 is interposed between the collector and 
emitter of transistor 42 (with the anode connected 
to the emitter); and pads 39, 43 and 44 are con- 
nected respectively by a two-wire connection 7 to so 
pins 49, 50 and frame 37. 

Assuming to begin with that diode 46 is absent 
(a reasonable assumption in the great majority of 
cases), to test the two-wire connection 7 between 
frame portion 37 and pad 44, it is not enough to 55 
supply current to frame portion 37 and measure 
the voltage drop between this and, say, pin 50, as, 
in this case, the current would follow the path 



indicated by the double dotted line 53, and would 
flow directJy from frame portion 37 to substrate 36 
and through diode 45 and pad 43 to pin 50. To 
solve this problem, we propose to specifically pro- 
vide for diode 46 between pads 43 and 44, and 
preferably of the same size as pad 44, so as to 
enable the current to flow from frame portion 37 
through two-wire connection 7 to pad 44, and 
through diode 46 and pad 43 to pin 50, and so 
enable the voltage drop produced by the current to 
be measured as described above. In view of the 
size and location of the special diode provided, 
such a solution would provide for also testing the 
two-wire connection towards the lead frame with no 
increase in the area of the device. 

As already stated, the present method and 
device may also be applied to power devices not 
featuring two-wire connections, for merely testing 
the die attachment, providing obviously that the 
pad-pin connections are capable of withstanding 
high current (a few Amps). 

Finally, the present method may be employed 
in dual mode, by applying a voltage of a given 
value or pattern, monitoring the current pattern 
produced by the thermal resistance of the wires or 
the die-lead frame attachment, and comparing it 
with correct values for detecting faulty devices. 

Claims 

1. A method of testing integrated power devices 
having contact pads (2a, 2b) connected by 
power connections (7) to respective pins (3a, 
3b); characterized by the fact that it comprises 
the steps of supplying a first electric quantity 
between two pins (3a, 3b) of the integrated 
device (1) to be tested, the two pins (3a, 3b) 
being connected to two pads (2a. 2b) con- 
nected, inside the integrated device (1) to be 
tested, by a low-voltage-drop path (10); deter- 
mining the variation in time of a second elec- 
tric quantity correlated to the first electric 
quantity by the power dissipation produced by 
said first electric quantity; and comparing said 
variation in time with a predetermined nominal 
variation. 

2. A method as claimed in Claim 1 , characterized 
by the fact that said first electric quantity is a 
high current, and said second electric quantity 
is the voltage drop between said pins (3a, 3b). 

3. A method as claimed in Claim 2, characterized 
by the fact that said current presents a con- 
stant value. 

4. A method as claimed in Claim 2 or 3, for 
determining the absence of a wire (8) in a two- 
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wire connection (7) between a pin (3a. 3b) and 
pad (2a, 2b); characterized by the fact that 
said step of determining said variation in time 
comprises the step of measuring the voltage 
between said pins (3a, 3b) after a predeter- 5 
mined time interval from when said current is 
supplied. 

5. A method as claimed in one of the foregoing 
Claims from 2 to 4, for detecting poor attach- 10 
ment of the die (4) of the integrated device to 

the lead frame (6); characterized by the fact 
that said step of determining said variation 
comprises the step of determining the slope of 
the curve of said voltage drop in a predeter- 75 
mined time interval. 

6. A method as claimed in Claim 5, characterized ■ 
by the fact that said step of determining said 
slope comprises the steps of measuring said 20 
voltage drop at two successive instants, and 
determining the difference between the values 
measured at said two successive instants. 

7. A method as claimed in any one of the fore- 25 
going Claims, characterized by the fact that it 
comprises the step of determining said pre- 
determined nominal variation on the basis of at 
least one reference integrated device identical 

to the integrated device (1) to be tested and 30 
presenting undoubtedly correct connections (7) 
and/or die attachment; and memorizing said 
predetermined nominal variation. 

8. A method as claimed in Claim 7, characterized 35 
by the fact that said step of determining said 
predetermined nominal variation comprises the 
steps of supplying said high current to a first 

pin on said reference integrated device cor- 
responding to said first pin on said integrated 40 
device to be tested; and determining the vari- 
ation in time of said voltage-drop-correlated 
quantity of said reference integrated device. 

9. A device (15) for testing integrated power de- 45 
vices (1) having contact pads (2a, 2b) con- 
nected by power connections (7) to respective 

pins (3a t 3b); characterized by the fact that it 
comprises: source means (16) for a first elec- 
tric quantity, connectable between two pins 50 
(3a, 3b) of the integrated device (1) to be 
tested, the two pins (3a, 3b) being connected 
to two pads (2a, 2b) connected, inside the 
integrated device (1) to be tested, by a low- 
voltage-drop path (10); measuring means (17) 55 
for determining the variation in time of a sec- 
ond electric quantity correlated with said first 
electric quantity by the power dissipation pro- 



duced by said first electric quantity; and com- 
paring means (18) for comparing said deter- 
mined variation with a predetermined nominal 
variation. 

10. A device as claimed in Claim 9, characterized 
by the fact that said source means comprise a 
constant current source (16); and by the fact 
that said measuring means (17) comprise 
means for measuring the variation in time of a 
quantity correlated with the voltage drop be- 
tween said two pins (3a, 3b). 

11. A device as claimed in Claim 10, characterized 
by the fact that said measuring means com- 
prise a voltage measuring element (17) for 
detecting the voltage between said pins (3a, 
3b) following a predetermined time interval 
from when said current is supplied. 

12. A device as claimed in Claim 10 or 11, char- 
acterized by the fact that said measuring 
means comprise an element (27) for determin- 
ing the difference between voltage drop values 
measured at two successive instants. 

13. A device as claimed in any one of the fore- 
going Claims from 10 to 12, characterized by 
the fact that it comprises means (25) for deter- 
mining said predetermined nominal variation 
on the basis of at least one reference in- 
tegrated device identical to said integrated de- 
vice (1) to be tested and presenting undoubt- 
edly correct connections and/or die attach- 
ment; and memory means for memorizing said 
predetermined nominal variation. 

14. An integrated device (35) testable using the 
method as claimed in one of the foregoing 
Claims from 1 to 6; characterized by the fact 
that it presents a test diode (46) interposed 
between a power contact pad (43) and a con- 
tact pad (44) connected to a substrate (36); 
said test diode (46) presenting the same area 
as one of said contact pads (43; 44). 
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